CHAPTER 29 



Regulation of transcription 



Xhe plienol>pic (lifTcrences lhat disiin-iiish ihe 
various kinds of rells in a higher eukarvole are 
I3i«e!y due lo dinVrenres in the expression of 
renes that code For pmieins. thai is. those tran- 
crrtbed hy RXA poKmerast- !!. hi principle, the 
expression of ihese gcru>5 might l)e repilaied al 
any one of several stances. The concepi of ihe 
-level or conlror implies ihai gene tfxpression 
' is nol necessarily an aiiiomatic process once it 
has begun. Ii could l>e rej^ulaied in a gene- 
specific way al any one or several sequential 
steps. We can di.sliii'ruLsJi (at leas!) five poten- 
tial control points, rnrmin^ Ihe series: 

Activation ol* {rent- slrurlure 
I 

'htitiatiun ol* transi riptioii 
I 

Processing ihe transcript 
Transport, to cvioplasin 
Translation of niHNA 

The existence oF Ihe Tirsl slop is implied »)y 
Ihe discrtver> thai genes nwiy exisi in either of 
iwo structural condillDiis. Kelative to the state 
nf most of the genome, -enes nre round in 
ill) Mclive- state in Ihe ceJIs in whiL-h ihev 
are expressed (see Chapter 27). The change or 
slniclure is distinct fn>ni tlie act of iranscrip- 
lion, and indicates that the gene is nranscrib- 
able.'' This suggests lhat acquisition of the 
"active"' slruaure must be the first step in gene 
expression. 

Transcription of a gene in the active state is 



controlled at the stage oF initiation, that is. bv 
the iniei-aclion of R>a polymerase with its pro- 
moter. This is now becoming susceptible to 
analysis in the in ritm sysle:ms (see Chapter 
For mo.sl genes, tliis is a major control 
point: probably it is the most common level of 
regulation. 

There is at present no e\idence for control 
at subsequent stages of transcription in eukar>-- 
otic cells, for e.xample. via anlilermination 
mechanisms. 

The primaiy transcript is modiPied by capping 
at the S' end, and usually also l)y polyadenyla- 
lion at llie 3' end. Inirons must l)e spliced out 
from the traiLscripts of inten upled genes. The 
mature KNA mu.sl he e.xported ii-om the nucleus 
to iJie cytoplasm. Regulation t>F gene expression 
by selection of sequences al Ihe level oF nuclear 
. R.\A might involve any or all oF these stages, 
biit the one for which we have n>ost evidence 
concerns changes in splicing: some genes are 
expres.sed hy means of alternntive splicing pot- 
terns whose regulation controls the tvpe oF pro- 
lein product (see Chapier 30). 

Pinally. the translation oFaii niRNA in the c>lo- 
pla.sm can he S|)ecirically controlled. There is little 
evidence for Ihe employment oF this mechanism in 
adull somatic cells, bit! it does occur in some 
emhoonic siltialions, as described in Chapter 7. 
The mechanism is presunied to involve the block- 
ing oF initiation of translation oF some mRNAs by 
specific protein factors, 

But having acknowledged that control of gene 
expression can occur at mulUple stages, and 
that production oF RNA cannot inevitably be 
equaled with production oF protein, it is clear 
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that the overwhelming maiority of regulatory 
events occur at^the^^ initiation of transcription. 
Regulation of tissue-specific gene transcription 
lies at the heart of eukaryotic differentiation; 

indeed, we see examples in Chapter 38 in 
which proteins thai regulale embrjonic devel- 
opment prove to be Iranscripiion Taclors. A reg- 
ulatory transcription factor serves to provide 



common control of a large number of target 
genes, and we seek lo answer two questions 
about this mode of regulation: wha.t identifies 
the common target genes to the transcription 
factor; and how is the activity of the transcrip- 
tion factor itself regulated in response to intrin- 
sic or exu-insic signals? 



Response elements identify genes under common 
regulation 
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The principle that emerges from characterizing 
groups of genes under common control is that 
tho' share a pt^moter element that is recognized 
by a regulatory transcription factor. An element 
that causes a gene to* respond to such a factor 
is called a response element; examples are the 
HSE (heat shock response element), GRE 
(glucocorticoid response element), SRE (serum 
response element). 

The properties of some inducible transcription 
factors and the elements that they recognize are 
summarized in- Table 29,1. Response elements 
have the same general characteristics as 
upstream elements of promoters or enhancers. 
They contain short consensus sequences, and 
copies of the response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily identical. The region bound by the factor 
extends for- a short distance on either side of 



Table 29.1 Inducible' transcription factors bind to 
response elements that identify groups oJ prcmcters 
or enhancsrs subject to coordinate control. 



Regulatory Agent Module Consensus 



Factor 



Heat shock HSE CNNGAANMTCCNNG HSTF 

Glucocorticcwl GRE TGGTACAAATGTTCT Receptor 

Phort>Of ester TRE TGACTCA API 

Senim SRE CCATATTAGG SRF 



the consensus sequence- In promoters, the ^ 
ments are not present at fixed distances from 
the startpoint, but are usually <200 bp upstream 
of it- The presence of a single element ustially 
is sufficient to confer the regulatory response, 
but sometimes there are multiple copies- 
Response elements may be located in 
moters or in enhancers. Some types of elemetJti 
are typically found in one rather than the o^^- 
usually an HSE is found In a promoter, while » 
GRE is found in an enhancer. We assume 
all response elements function by the sanJf 
general principle. A gene is regulated bv ^ 
sequence at tfie promoter or enhancer thai 
recognized by a specific protein. The 
Junctions as a transcription factor needed r 
RNA polymerase to initiate. Active proteifi 
available only under conditions when the g^ ^ 
to be expressed; its absence means that th^ 
moter is not activated by this particular 
An example of a situation in which ^^^^ ; 



genes are controlled by a single factor 



is 



\ided by the heat shock response. This »s ^^^^ 
mon lo a \vide range of prokaryo^^^ 
eukar\'otes and involves multiple c®"^ jjif<* 
gene expression: an increase in icmp^^^ 
turns off transcription of some genes* ^^^^^^^ 
transcription of Hie heat shock &^^^^*^3i> 
causes changes in the translation of ^ 
The control of the heat shock genes i'J**^ ^^rd 
the differences between prokaryoli<^ 
eukaryotic modes of control. In. bacteria* ^\ 
sigma factor is synthesized that 
polymerase holoenzyme to recognize 



